
Goal

(Callies et al 2014)

Measured: 
horizontal velocities and 
buoyancy ݑ, ,ݒ ܾ along 1D track

Power Spectrum of a homogeneous random field 
ߦ is the Fourier Transform of its covariance 
function: ܥመక ࢑ ൌ ࣠ሾॱሾߦ 0 ∗ ሻሿሿ࢞ሺߦ
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Goal: Decompose ܧ ݇ into 
Wave and Vortex components 
ܧ ݇ ௐܧ~ ݇ ൅ ௏ܧ ݇

Helmholtz decomposition

൝
ݑ ൌ െ߰௬ ൅ ߶௫

ݒ ൌ ൅߰௫ ൅ ߶௬

Kinetic energy spectrum ܭ ൌ
ଵ

ଶ
መ௨ܥ ൅ መܥ ௩ has divergent and 

rotational components 
ܭ ݇ థܭ~ ൅ టܭ

Assumptions:
• ,థሺ݇ܭ ݈ሻ, ,టሺ݇ܭ ݈ሻ are isotropic
• Wave and Vortex motion are 

uncorrelated
• Wave motion: inertia-gravity wave
• Vortex motion: purely geostrophic

Bühler et al. 2014
 Helmholtz decomposition of ܭሺ݇ሻ

into  ܭథሺ݇ሻ, టሺ݇ሻܭ using 1D data 
along track

 Proof of wave energy “equipartition” 
statement:

ௐܧ ൌ థܭ2
ௐ

Nondivergent vortex: ܭథ
௏ ൌ 0

Allow weak divergence in vortex flow following QG omega equation:
Holton et al. 2012

߰ ߶ ←nonlinear step

Assume ෠߰ሺ݇, ݈, ݉ሻ are independent at 
different ݇, ݈, ݉ ,can prove:
ܧథ

௏ and ܧట
௏ are uncorrelated

ܧథ
௏ can be determined by ܧట

௏ 

Additional assumption needed for vertical structure
e.g. Charney’s relation for geostrophic turbulence

టܧ
௏ is a function of ݇ଶ ൅ ݈ଶ ൅

௙మ

ேమ ݉ଶ only

 Iteratively solve for ܧௐ ݇ , ௏ܧ ݇ from ܧ ݇ ,థሺ݇ሻܭ  , టሺ݇ሻܭ
consistent with the omega equation:
టܧ

௏ሺ݇ሻ→ థܧ
௏ሺ݇ሻ→ థܭ

௏ ݇  థܭ
ௐሺ݇ሻ ܧߜௐሺ݇ሻܧ ൌ ܧ ݇ െ ௏ܧ ݇ െ ௐሺ݇ሻܧ
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Synthetic example:

Next step: apply to realistic data…


